Vinasse
,Q ELRIXHO SURGXFWLRQ HWKDQRO IURP VXJDU FDQH GLVWLOODWLRQ VWDUWHG LQ ÀYH VXJDU mill factories (ingenios) located in Valle del Cauca (Colombia). Nowadays, around 11.000 ton year ï RI OLTXLG YLQDVVH EHWZHHQ P 3 per ha) are applied as fertilizer (fertilization) IRU VXJDU FDQH WR FRYHU KD ZKHUH WKH YDOOH\DTXLIHU RXWFURSV YLQDVVH DSSOLFDWLRQ will cover more than 200.000 ha in the near future [4] . A report from Brazil [8] relates studies on the effects of vinasse (300 m 3 ha ï ) on properties of various soils, including weakly humid Gley and Cambisol soils, conducted over 10 years. The authors concluded that the amounts of heavy metals were not changed and there was little risk of soil contamination with these elements.
Results from lysimeter studies have indicated that vinasse does not negatively affect soil pH and salinity, and it slightly increases soil organic carbon and exchangeable K+ in 0DXULWLXV VRLOV >@ A drop in soil bulk density and increased porosity [10] after a three year application LQ DQ H[SHULPHQWDO VXJDU ÀHOG ORFDWLRQ RI *XDQ[L 35 &KLQD KDYH EHHQ REVHUYHG ZKLOH negative effects on soil permeability through vinasse application from processing beet have been reported by [11] .
It is obvious that there is no consensus about the polluting capacity of vinasse. The two main lines of thought indicate, on one side, deleterious effects on ground and surface waters while the other side claims that rational use of the residue does not result in environmental risk. However, it should be emphasized that depending on the amount of vinasse applied it PLJKW DFW DV D SROOXWDQW RU D EHQHÀFLDO VRLO FRQGLWLRQHU ,Q WKLV FRQWH[W D UHYLHZ DUWLFOH >@ concludes that a consensus among authors is that the appropriate application of vinasse must consider the soil chemical and physical characteristics, besides aspects such as the history of residue application, the intensity of cultivation in the agricultural area, and the proximity of water springs.
Characteristics of vinasse that contribute to pollution are high CRO (chemical requirements for oxygen) and BRO (biological requirements for oxygen) values, an acidic pH, elevated temperatures during production, and the consequent corrosive power [13] .
Continuous application of high volumes of vinasse leads to increased soil nitrogen DQG SRWDVVLXP WKH PDLQ FKHPLFDO FRPSRQHQWV RI WKLV UHVLGXH > @
Sewage Sludge
Sewage sludge is the insoluble residue from wastewater treatment after either aerobic RU DQDHURELF GLJHVWLRQ SURFHVVHV 6OXGJH FRPSULVHV UHVLVWDQW FRPSRXQGV RUJDQLF matter), nitrogen (3%), phosphorus (2% P 2 O RWKHU PDFURQXWULHQWV . 2 2 &D2 0J2 D ZLGH UDQJH RI PDFURQXWULHQWV DQG QRQHVVHQWLDO WUDFH HOHPHQWV RUJDQLF PLFURSROOXWDQWV PLFURRUJDQLVPV DQG HJJV RI SDUDVLWLF RUJDQLVPV 7KH VXEVWDQWLDO nitrogen and phosphorus concentration in sludge render is a useful fertilizer material, and LWV RUJDQLF FRQVWLWXHQWV JLYH LW EHQHÀFLDO VRLO FRQGLWLRQLQJ SURSHUWLHV >@ The application of sewage sludge in agricultural purposes is generally considered the best alternative for sludge management because it provides the recycling possibility of plant nutrients which provide organic matter to the soil and causes to improve its aggregate VWDELOLW\ SRURVLW\ DQG LQÀOWUDWLRQ UDWH RI ZDWHU >@ +RZHYHU GXH WR KLJKHU FRQFHQWUDWLRQV of toxic metals and pathogenic microorganisms the use of sludge to agricultural land is a big concern. Recent studies illustrated that the extensive addition of sludge to agricultural soils causes accumulation of trace metals which are non biodegradable and tends to build up in soils, waters and crop plants or are transferred to humans through contaminated food [18] .
Sewage sludge contains the components of agricultural value e.g., organic matter, nutrients such as nitrogen, phosphorus, potassium, and lower concentrations of calcium, sulphur and magnesium, which make the sludge interesting as fertilizer, but heavy metals, toxins, viruses, pharmaceuticals and hormones, GMOs and dioxins are also present in it >@ 
Composted Swine Manure
Composts are considered a valuable product that can be used as a source of soil amendment and organic matter in agricultural land. The application of composted animal manure has increased over the years. This practice improves the quality of the crops and SUHVHUYHV WKH HQYLURQPHQW > @ Manure application is often credited for improving soil physical properties with EHQHÀWV VXFK DV UHGXFHG UXQRII DQG HURVLRQ DQG WKHVH HIIHFWV FDQ SHUVLVW IRU VHYHUDO \HDUV following manure application [30, 31] .
According to the kind of compost, and the process involved in its preparation, its VXUIDFH DSSOLFDWLRQ DW WKH VRLO PD\ UHSUHVHQW DQ LPSURYLQJ LQ ZDWHU LQÀOWUDWLRQ EXW this could represent a higherphosphorus concentration at the soil surface. Much of this SKRVSKRUXV PD\ EH SURWHFWHG IURP UXQRII GXH WR WKH LQFUHDVHG IRUPDWLRQ RI ZDWHUVWDEOH soil aggregates associated with an increase in organic particulates with manure application [32] .
,Q D VWXG\ XVLQJ WZR ÀHOG VLWHV LQ WKH 3HDFH 5LYHU UHJLRQ RI $OEHUWD >@ IRXQG WKDW D single application of hog manure on the Gray Luvisolic soils increased the aggregation of the soil at one site.
Manure contains plant functional nutrient metals such as copper, zinc, manganese, LURQ DQG LW PD\ FRQWDLQ WUDFH DPRXQWV RI QRQIXQFWLRQDO HOHPHQWV >@ $ VWXG\ LQ 6DVNDWFKHZDQ &DQDGD >@ VKRZHG WKDW WKUHH WR ÀYH \HDUV RI DQQXDO VZLQH DQG FDWWOH manure applications at low (~100 kg Nha ) and high (~400 kg Nha ) rates resulted in only small increases in total and bioavailable copper and zinc in surface soils at three study sites. 
Experimental Array
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Figura 2: Moraima Had. Soils [36] . (Table 1) . To assess the impact of the dose RI HDFK ELRZDVWH RQ WKH VRLO OHYHOV RI ]LQF PDQJDQHVH LURQ DQG FRSSHU ZHUH PHDVXUHG in mg kg . Vinasses were applied to the soil by using manual pumps in order to ensure a homogeneous spreading on every correspondent plot ( Table 2 ). The used sewage sludge SDVVHG WKURXJK WKH IROORZLQJ SURFHVVHV PDWHULDO VHOHFWLRQ WUDQVSRUWDWLRQ WR +DG Moraima, storage, transportation to its correspondent plot, unloading, and distribution XVLQJ VSUHDGLQJ HTXLSPHQW 7DEOH 7KH XVHG VZLQH PDQXUH SDVVHG ÀYH GLIIHUHQW SURFHVVHV VHOHFWLRQ IURP WKH FRPSRVWLQJ SLOH SDFNDJLQJ WUDQVSRUWDWLRQ WR WKH SORW unloading and distribution using spreading equipment (Table 4) . 
The experiment array consisted in ten treatments including the control, where the different NLQG RI ELRZDVWH FRUUHVSRQGV WR WKH H[SHULPHQWDO IDFWRU FRQVLGHUHG ZKLOH WKH WKUHH GRVHV RI WKH ELRZDVWH DSSOLHG RQ WKH VRLO FRUUHVSRQG WR WKH WUHDWPHQW OHYHOV 7ZR DSSOLFDWLRQV RI ELRZDVWH ZHUH PDGH ZLWKLQ WZR PRQWKV RI VHSDUDWLRQ LQ RUGHU WR JLYH WKH ELRZDVWH enough time for its incorporation into the soil
Results and Discussion
Soil Characterization
The objective of the characterization of an area near to Had. Moraima was to select an extension with homogeneous conditions to establish the experimental plot. Eight samples distributed in zigzag covering an area of 32400 m 2 ZHUH WDNHQ DQG JHRUHIHUHQFHG %HORZ LW LV SUHVHQWHG LQ WDEOHV DQG D VXPPDU\ RI WKH UHVXOWV RI WKH SK\VLFDO FKHPLFDO and biological properties of the soil used. 
Heavy Metal
To this group belong elements such as zinc, iron, copper and manganese that are at . In that sense, the Cu impact on the soil is negligible. 
Conclusions
In this investigation, the contents of copper, iron, manganese and zinc were FRQVLGHUHG ORZ IRU WKH DJURFOLPDWLF FRQGLWLRQV RI WKH +DG 0RUDLPD ORFDWHG LQ WKH &HUULWR municipality (Valle del Cauca, Colombia). Therefore, the heavy metal content, and its SRWHQWLDO SROOXWDQW LPSDFW FDXVHG E\ WKH DSSOLFDWLRQ RI ELRZDVWH RQ WKH DQDO\]HG VRLO resulted to be minimal. Nonetheless, this is a partial evaluation, and undoubtedly, more research is needed to asset accurate results over different locations, specially taking into DFFRXQW YDULDEOHV VXFK DV S+ &1 UDWLR PLFURELRORJLFDO TXDOLW\ DQG LWV LQÁXHQFH RYHU the studied soil.
'XH WR WKH DERYH FRQVLGHUDWLRQ LW LV RI VFLHQWLÀF UHOHYDQFH IRU IXWXUH UHVHDUFK WR FRQGXFW VWXGLHV ZLWK D ZLGHU UDQJH RI GRVHV RI GLIIHUHQW ELRZDVWH RYHU ORQJHU SHULRGV RI observation, with more frequent evaluations, that include parameters to monitor leachate and to establish a proper cultivation at the assessed area in order to obtain a higher accuracy, and determining the ideal dose limits where agricultural production and environmental FRQGLWLRQV IRXQG HTXLOLEULXP XQGHU UHSUHVHQWDWLYH DJURFOLPDWLF FRQGLWLRQV LQ WKH 9DOOH del Cauca region. [4] 2UWHJyQ 
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